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INTRODUCTION 

From h i s  work on t h e  po la r i za t ion  of r e f l e c t e d  l i g h t  from t h e  

s u r f a c e  of  t h e  p lane t  Mars Dollfus (1961) has  concluded t h a t  a 

hydrated i r o n  oxide known as l imonite  i s  a l i k e l y  cons t i t uen t  of 

t h e  Martian surface.  Even i f  t h i s  material is  present  as only a 

t h i n  sur face  l a y e r  t h e  r e f l e c t i v i t y  w i l l  e n t e r  i n t o  any s p e c t r a l  

measurements made i n  t h e  region where r e f l e c t e d  solar r a d i a t i o n  

i s  predominant over emitted thermal r ad ia t ion .  For t h i s  reason 

t o t a l  r e f l e c t i o n  measurements have been made on a number o f  

minerals of t h e  iron oxide family.  

: 

The t o t a l  r e f l e c t i v i t y  of t h e  minerals w a s  measured by two 

sepa ra t e  instruments.  R e f l e c t i v i t i e s  from 0.5 t o  2.5 microns 

were measured with a Beckman DK 2 A  double bean spectrometer equipped 

with a magnesium oxide coated in t eg ra t ing  sphere.  R e f l e c t i v i t i e s  

from 2.5 t o  22.5 microns were measured with a C a r y  90 double beam 

spectrometer equipped with t h e  r e f l ec t ance  attachment descr ibed by 

White (1964). 

6.0 microns have been repor ted  s ince  thermal energy would be expected 

t o  predominate beyond 5 t o  6 microns from Mars. 

I n  4 , l l  bu t  one case,  only t h e  r e s u l t s  from 0.5 t o  

I n  order  t o  determine t h e  inf luence of p a r t i c l e  s i z e  on r e f l e c t i -  

v i t y  a l l  samples were crushed and then  s i z e d  by a s e t  of U.S.,  Standard 

Sieves.  The s i e v e s  used had openings of 4.0, 2.0, 1.0, 0.500, 0.250, 

and 0.105 mm. 
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All of t h e  samples used a r e  i n  t h e  mineral  c o l l e c t i o n  of t h e  

u. S. National Museum i n  Washington, D. C . ,  and t h e i r  museum specimen 

number is  included i n  t h e  descr ip t ion  of t h e  samples. 

RESULTS 

The f i r s t  group of specimens examined were of t h e  mineral  commonly 

known as l imonite .  It should be  noted t h a t  t h e  term l imoni te  i s  not  

s u f f i c i e n t l y  s p e c i f i c  t o  allow comparison of r e s u l t s  of d i f f e r e n t  

i n v e s t i g a t o r s  using d i f f e r e n t  specimens. The major cons t i t uen t  of  

l imoni te  Is t h e  mine ra l  g o e t h i t e  (HF,, 02) with varying impur i t ies .  

A i l  spscimens ..- u3Gu ...A A A a v L  L-7.a bee:: ~ q a l y s e d  tc! determine their c a n s t i t u e n t s  

and t h e  r e s u l t s  shown i n  Table 1. 

F igu re  1 shews the r e f l e c t i v i t y  of var ious s i z e  p a r t i c l e s  of 

Sprciruen No.  109590. This i s  a s o f t ,  yellow ocher minerai  with AO . 

p a r t i c l e s  l a r g e r  t han  1 m m  i n  s i z e .  

e x h i b i t s  a s t rong  dependence on p a r t i c l e  s i z e  i n  t h e  v i c i n i t y  of 2 

microns and a r e l a t i v e l y  high r e f l e c t i v i t y  i n  t h i s  reg ion ,  e spec ia l ly  

i n  t h e  smaller s i z e  p a r t i c l e s .  

t o  have a h igher  r e f l e c t i v i t y  throughout most of t h e  s p e c t r a l  region 

shown except fo r  some depar ture  from t h i s  behavior between 5 and 6 

microns. 

The r e f l e c t i v i t y  of t h i s  sample 

The smaller s i z e  p a r t i c l e s  a r e  seen 

The e f f e c t  of  water of hydration of t h e  mineral  i s  c l e a r l y  

seen with t h e  m o s t  prominent f ea tu re  i n  t h e  2.7 t o  3 micron reg ion  

corresponding t o  t h e  v 1  and v3 fundamentals of H 0. 2 
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The weaker but  s t i l l  p e r s i s t e n t  f ea tu re  a t  approximately 0.9 microns 

i s  apparent ly  also due t o  water of hydrat ion as it i s  g r e a t l y  reduced 

when t h e  mineral  is  dehydrated. 

Figure 2 shows t h e  r e f l e c t i v i t y  of Specimen No. 109592 descr ibed 

as brown, massive. It occurs as  hard masses and considerable  e f f o r t  

i s  necessary t o  reduce it t o  t h e  smaller  s i z e s .  The r e f l e c t i v i t y  

has many of t h e  c h a r a c t e r i s t i c s  of t h e  previous specimen including 

t h e  minima a t  0.9 and 3 microns. In add i t ion ,  t h e  f e a t u r e s  at 2.0 

and 2.4 microns are of s p e c i a l  i n t e r e s t  i n  t h a t  they correspond c lose ly  

t o  t h e  f e a t u r e s  descr ibed by Bottema, e t  a1 (1964) seen i n  r e f l e c t i o n  

from an i c e  c r y s t a l  cloud. 

Figure 3 shows t h e  r e f l e c t i v i t y  o f  Specimen No. 18274. This 

. .  sgecirier. is  siailar t o  Sl;zzimer, Eo. 103540 i n  t h a t  it i s  s o f t  and 

yellow i n  color. 

s i z e  a r e  seen very similar t o  t h e  previous two specimens. 

Again t h e  e f f e c t s  of  water o r  hydration arid par~cic le  

All t h r e e  of t h e  specimens descr ibed above could properly be  

as l imoni te  bu t  they are d i f f e r e n t  i n  appearance and r e f l e c t i v i t y  

i l l u s t r a t i n g  t h e  pfoblems t h a t  can r e s u l t  from t h e  u s e a o f  t o o  gene ra l  

a term. 

Figure 4 shows t h e  r e f l e c t i v i t y  of Specimen #4608. The specimen 

i s  a hydrated manganese oxide included t o  i l l u s t r a t e  t h a t  t h e  water 

of hydrat ion f e a t u r e  cannot be de tec ted  when t h e  o v e r a l l  r e f l e c t i v i t y  

of the 'specimen is low. 
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Figure 5 shows t h e  r e f l e c t i v i t y  of Specimen No. 109591, a 

mixture of magnetite (Fe304) and hematite (Fe20-3) wi th  a considerable  

quar tz  impurity. 

s i n c e  t h i s  mineral  i s  not highly hydrated. 

The f e a t u r e s  due t o  water of hydrat ion a r e  weak 

The dependence of 

r e f l e c t i v i t y  on p a r t i c l e  s i z e  is not as c l e a r l y  def ined as i n  t h e  

hydrated i r o n  oxides.  The r e f l e c t i v i t y  curves of t h e  var ious  s i z e  

p a r t i c l e s  a r e  seen t o  c ross  seve ra l  t imes though i n  genera l  t h e  

r e f l e c t i v i t y  is s t i l l  reduced as p a r t i c l e  s i z e  i s  increased.  

This p a r t i c u l a r  specimen shows a marked r e s i d u a l  ray  e f f e c t  

due t o  t h e  quartz  b p u r i t y  but  as seen i n  Figure 6 t h e  s t r e n g t h  

of t h e  f e a t u r e  i s  not c l e a r l y  r e l a t ed  t o  t h e  s i z e  of t h e  p a r t i c l e s .  

I t  i s  probable t h a t  t h e  quar tz  i s  s e l e c t i v e l y  f i l tered so t h a t  it 

i s  not i n  t h e  same proport ion i n  each s i z e d  specimen but it Should 

t h e  s e v e r a l  f ea tu re s .  

Figure 7 shows t h e  r e f l e c t i v i t y  of  Specimen No. 65102, a 

r e l a t i v e l y  pure magnetite.  

f e a t u r e  due t o  watez of hydrat ion can s t i l l  be  seen though weakly 

s i n c e  t h i s  specimen is  not highly hydrated. 

occurs i n  r e f l e c t i v i t y  once t h e  p a r t i c l e s  exceed 0.5 mm i n  s i z e  

The ove ra l l  r e f l e c t i v i t y  is l o w  but t h e  

V i r t u a l l y  no change 

so  t h e s e  curves have been omitted.  

Figure 8 shows t h e  r e f l e c t i v i t y  of  Specimen No.  43621, a 

specimen of  hemati te  of g r e a t  pu r i ty  f o r  a n a t u r a l l y  occurr ing  

mineral .  Some water of hydrat ion is  present  as evidenced by t h e  

f e a t u r e  a t  3 microns and t h e  dependence on p a r t i c l e  s i z e  is seen 

t o  be f a i r l y  good i n  t h e  2 micron region. 
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CONCLUSIGNS 

The r e f l e c t i v i t i e s  of t h e  various i r o n  oxides show a dependence 

on p a r t i c l e  s i z e  i n  t h e  2 micron region t h a t  i s  more h ighly  pronounced 

i n  t h e  highly r e f l e c t i n g  hydrated specimens. 

the  Martian su r face  is composed of hydrated i r o n  oxides ,  t h i s  dependence 

could allow a determinat ion o f  t h e  p a r t i c l e  s i z e  i n  t h i s  layer. 

t h e  l a y e r  access ib l e  t o  i n f r a r e d  examination is  t h i n ,  it is t h i s  l a y e r  

t h a t  most s e r ious ly  inf luences  t he  s p e c t r a l  measurements of t h e  atmos- 

phere. 

t i o n  spectroscopy i n  t h e  i n f r a r e d  must , include a co r rec t ion  f o r  su r face  

r e f l e c t i v i t y .  The indiviclual l i n e s  of the molecular v ib ra t ion - ro t a t ion  

spectrum do not appear i n  s o l i d  specimens i n  r e f l e c t i v i t y  a t  temper- 

a t u r e s  reasonable  f o r  t h e  su r face  of Mars so h igh  r e s o l u t i o n  s p e c t r a  

w i l l  not  be s o  r e s t r i c t e d .  

If t h e  upper l a y e r  of 

Though 

Any attempt t o  assess atmospheric cons t i t uen t s  by low resolu-  

Tie i d e n t i f i c a t i o n  of  water of hydration i n  t he  upper h y e r  of 

t h e  Martian su r face  should b e  poss ib le  w i t h  an experiment such as 

t h a t  performed by Eottema e t  a1 (1964) on Venus. 

pher ic  water vapor concentrat ion i s  reasonably w e l l  known, i t s  

e f f e c t  could be  subtfracted from even a low r e s o l u t i o n  spectrum and 

an estimate made of  degree of sur face  hydrat ion.  

minerals  examined have shown t h e  f e a t u r e  a t  3 microns when t h e i r  

o v e r a l l  r e f l e c t i v i t y  was reasonably h igh  so t h i s  technique i s  not  

l i m i t e d  t o  t h e  hydrated i r o n  oxides.  

Since t h e  atmos- 

A l l  hydrated 

I n  o rde r  t o  accu ra t e ly  a s s e s s  p a r t i c l e  s i z e  and water of  

hydra t ion  from r e f l e c t i o n  s p e c t r a ,  a c a r e f u l  c a l i b r a t i o n  must be 

done t o  in su re  accura te  q u a n t i t a t i v e  measurements. A non-quantative 
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spectrum would c l e a r l y  be of i t t l e  use -.I determining p a r t i c l e  

s i z e .  The r e f l e c t i v i t y  of Specimen No. 4608 i l l u s t r a t e s  t h a t  a 

heav i ly  hydrated mineral  could e a s i l y  be mistaken f o r  anhydrous 

m a t e r i a l  from a pure ly  r e l a t i v e  spectrum. 

many o t h e r s ,  c l e a r l y  i l l u s t r a t e s  t h e  urgent  need f o r  f u r t h e r  

s p e c t r a l  d a t a  taken from outs ide  t h e  obscuring e f f e c t  of t h e  

atmosphere of Earth.  

This work, as have 
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